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(54) Tide: METHOD AND APPARATUS FOR ADVANCING CATHETERS 




(57)Abstisct 

A cathetei^ comprises a catheter body ( LO) having^a proximal end a distal end. and 
the distal cnd <li). The electrode array includes a plurality of isolated ^lectrode <^^>J!^^J^^^ 
common clectiidt (16) are connected to a high frequency power supply (32) and the common ^"^^'^^ Of > ^? J^^'^ 
on the catheter, may be secured separately to a patient s skin, or may be formed as part of a 

contacting the electrode arra, against a targ^ location in the patient's body the ^^^g^Jocati^^^^ T^n^v^n^t^ d^^^^^^ 

with the current density being contacted at the points of contact between the electrode J*"^^^ 

stenotic materiaL For ^mple. by positioning the common electrode w«th.n a ^^""-1^^" ^ ^ 

surface of the stenotic region with the electroilc array, the stenotic material can be heated by applying a ^^J^^*^ 

voltage between the electrode array and the common electrode. The stenotic region can thus recanalized by advancing t«c 

distal end of the catheter iHMly through the heated stenotic material. ^ 
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1^ 



m\A ot t] 



The present: 
construction ax|d 



invent:ion relates 



invention relates te 
cathetersf tero^gh 
lumens and cavilbies. 



use of catzheters for interventional and 
In particular 
methods and 



restrictions and opclusions within body 



which is characterized 
;5 on 



is a form 
by irregularly 
of a patient's 




A number of 
developed for diagnosing 



baULloon smgipplas^ where a balloon* 
introduced to thp vascular syst^, and the balloon 
esqgianded within a region of st:enosxs. 



axaa^ler a catheter having a cup-shaped 



r a 

introduced . to 



the vascular system and used to severe 



and ,Ci9ipture at least a portion of the 



an 
a 



rcmion of stcmosis 
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With most of these techniques, it is necessary 
to advautice the distal end of the catheter at least peurtly 
through the stenosed reglpn before the interventional or 
diagnostic procedxire can be commenced. While such 
initial advancement is often not a problem, it can be 
very problematic when the occlusion is severe and little 
or no lumen remains to receive the catheter. Under such 
circumstances, it is necessajry to at least partly 
recanalize the occlusion before the catheter procedure 
can begin. 

A number of methods for recanalizing severe 
occlusions have been proposed, including the use of hot* 
tipped catheters, laser catheters, aridi drill-tipped 

... 

catheters. In general, these approaches rely on very 
aggressive treatment of tlie stenotic material to openu up 
a passage, wjbiere such aggressive techniques can expose 
the blood vessel v^ll to siginif leant injury, for example, 
vessel perforation. The risk of ihjttry is exacerbated by 
the i2nconstrai^ catheter can follow. 

An improveid techhii3[ue for advancing an 
angioplasty catheter into ihd optionally through a severe 
occlusions is described in U.S. Patent Hb. 4,998,933 (izbe^ 
entire disclosure of which is hereby incorporated herein 
by ref erence) , which hais common inventorship with the 
present application. A first €^^^^ disposed at or 

near the ctistal tip of the gingiopiasty cktheter and a 
second eleciitrode ie provided on ah electrically 
conducil:iv4e guidewire. After the gtiidewir is at least 
partly advanced into a stenotic material , a high 
frequency voltage can be applied between the guidewire 
eijectirode and the catheter tip eiedtrbde in order to 
generate tt^t within the stenotic material lying between 
said electrodes. As the stenotic material is heated, it 
is softehedl, thereby allowing easier advancement of the 

angidpiaissty catiikter . 

Although a substantial improvement in the art^, 
the catheter described in U.S. Patent Ho. 4,998,933 can 



cause unwanted shorting of electrical energy by the blood 
and blood vessel wall during the application of the high 
frequency voltage. The catheter employs a single 
discrete electrode at its distal tip . So long as the tip 



induced heat Will be substantially limited to the 
stenotic material. If a portion (or all) of the 
electrode is deposed to the blood vessel wall and/ or 
bloody however, ciarrent will begin to flow through the 
blood vessel tissue and/ or blood, causing the undesired 
shorting^ electrical cii^ Moreover, since both the 

blood vessel wall and the blood have higher electrical 
conductivities than the slyenotip material, they will 
carry the current in preference to- the^ stenotic material. 

For these reasons , it would be ^desirable to 
prbvide : improNVed apparatus:^ and- methods f or advancing 

"past -severe bcclus ions in blood 

In particular, it would 

of the type 
No. 4,998,933, ^ere the 






k It wcMild be further desirable if such 
able> to discriminate between the 
mass and the blood vessel wall 
(preferentially heating and ablating the former) so that 
the cathtil^ would selectively pass through the atheroma 
as the catheter is advanced through the lumen of the 
blood vessel. The catheters and methods of the present 
invention should be compatible with a wide variety of 
interventional and diagnostic devices , particular ly being 
compatible with angioplasty catheters . 
2^ Description of th e Badcaround Art 

UvS. Patent No. 4,998,933, is described above. 
Buropean Patent Publication 182 689 and U.S. Patent No. 
4,754,752 describe angioplasty balloon catheters having 
means for internally heating the ballocms. K "hot tip" 
catheter having a metal tip heated by a laser is 
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described in Ctuaberlant: e^ 
1459v U.S. Patent No. 4, 



aX. (1986) Lancet i: 1457- 
rG24^ 
<i tip 



U.S. Patent No. 4^796,622, 
tip Which is heated by an 
catheter having a 



cathe'ter having a 
. A 



its distal tip is described in U.S. Patent No. 4,857,046. 
U.S. Patent No. 4,709^698, dMcribes the placraent of 
electrode pairs on the surf ace of a dilatation balloon to 




HVEKTIOK 



and 




a patient's body, su^ as atheromatous 



j&ass in blood 
method and apparatus 



an occluded region in a blood 
particularly through 
which are fully 



or other body liimen, 
±n blood 




typically 
camTOi el 

patient's body to coapl^e 
path with th 
be disposed on 
electrode array, or may 



an e 

The c 
body proximally 



n eXectrode may 



on or as 



may 



as a 



, the common 
er which can 



high resistance tissue can be achieved by ^contacting the 
electrode array with the target location, e.g. , a leading 
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poirtion of t:he st:enot:ic matierial 



By t:hen applying lixgh 
elect:zrpde array and the 
ibargel: locat:ion will 



According t^o a particular aspect of the present 
invention, heating is directed primarily "to the target 
location by limiting the current flow through each 
electrode terminal in the electrode array. In this way> 
more power is applied to the hijgfh resistance (low 
conductivity) tissue or stenotic material relative to the 
low resistance (high conductivity) bipod and blood vessel 
wall. Current flow may be limited by active or passive 
devices, with an epcemplary system esiplbying a plurality 
of current; limiting resistors r-^w^ current 
limiting resistor in series wit^ eapb, electrode terminal. 

The catheter of the present invention, may be 
usedU- alone v; in.^ qrde^ to^ hf»t -^^^^ target location e.g., to . 

region: ^wlt^ln a blood vessel. 

i%y combination with^ : 
io- devices i^ order to . 
provide a multiple step treatment and/ or diagnostic 
procedure. In particular, it will be possible to provide 
the electrode array of the present invention in 
combinatipn with or at the distal end of catheters which 
employ other Interventional ai^d/or ^diacmostlc 






transducers , and the IDce 



in accordance with the prlncipl 
invention is that they pan 
introducsed through a bipod 




Tliat is, the path of the 



can be .advanced without 
the blood vessel wall 
will be pref erentiaXly 



1 
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bXood vessel 



The catheter of tiie present invention will 



■5 



10 




to tli^~ electx'cya^ in 





within a desired 



1 is a 



view o£ a 
with the 



20 



25 




4^B 



30 



1-3 in the 
a hlood vessel 
inveiition^ 

Figw 9 is a 
power Supply 



r eea:nalization of a 



10 is a second e 
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a blood vessel according Ho tihe ]&et:hod of the present: 
Invention. 

Fig* 12 llliistrates a tiiird eabodime^nl: of a 

In accordance wltii thef. principles of 
in combina'tipn with an anchoring 



use of the catheter and 



Fig • 13 illustrates the 
sheath of Fig* 12 in the 
region within a blood 



of a 



method of the, present in^ntion.^ . 

: This invention provides a aiethod and apparatus 
for selectively heating, a target location within a 
patientVs body ^ such as solid tissue, a body luaien, or 
the . lilce> particularly iiicluding atheromatQus material 
which partially or fully occludes; a blood vessel or other 
body lunen. Xn addition to bloods. vessel&^, body lumens 
which may be treated by th^^]^ and apparatus of the 



may be ^ occluded an enlarged 
the fallopian tubes (which 




in 

OGiis^luded and 



disclosiapre will be . directed 
of blood vessels but it 




well to other body lumims .amd passages 
- The stenotip .: suiterial in 

# and 



will be 



soft (fresh) or may be in advance stages: of 



of i 



of a catheter to apply 

while limiting 



the unwanted; heatang- of the blood 
vessel wall. Sinqe 



mass in the occluded, blood vessel is pref erentially 
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of 

in 



the advancing catheter 



tihe blood vessel 
electrode array will ixsually include 



The 



usually at least 20 electrode 



terminals, and pref^ably at least 36 



As a 



is selectively 



Accordingly/ this 




recanalize the blood 
inven1:ioh {Provides a 

a 

itressel by 




applying both (1) 
the tip 



the c&tfaetrer and ( 2 ) 





The present 



Lon' of 



usually an 



or serves as a conunon 



invention includes 
a pathway i 



a means 




The guiding 




^o the common 



electrode and positioned oiv or ne 



electrode in this array is 




in 



owri power 




connection whidh 
electrode When low 
causes ^ lower resistance 
eli^ctifbdia' ^d the ihdLividual 

craoosed of many 



current flow to 
1 (e.g. blood) 
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t:er]&inals designed Zo deliver elect:rical energy in "the 
vic?initY of the tip . The selective heating of the 
stenotic material i$ achieve4 by connecting ejach 

individual electrode terminal and the common electrode 

■• - - ■ " • ■ ■ *'.'"»%. 

(le^g. on a guidevire) to an independent power source, , 
which Biay be a substantially constant current power 
sourpe. The application of high freguency voltage 
l^etween the common electrode and the electrode array 
results in the conduction of high freguency .current from 
each, individu^ terminal to the said common 

electrode. The current flow from each individual . 



either active or passive means, or a combination 
thereof, to selectively heat the stenotic material while 
miniju^zing tiie undesi the blppd or the;; 

vessel wall. 

- This invention stakes- _advantage,-.of-^.^^ 
d4.£j|j|^ences.^^in. el between the 

sitenoti^c- mat^i^>r (atheromafeqpSv mas;s) , blood , and blood 
v^se^L walJ^ By. way of: exaasile; for any s^ 
o^ affiled voltage, if the electrical conduction path 
between the common electrode (e«g« guidewlre) .and one of 
the individual electrode terminals vfithin the. electrode 
ai^ay is blood qr blood vessel wall (each hayi^ig a 
Relatively low electrical resistivity) ^ said current 
control means connected to in4iyi^ electrode will 
limit current flmr so that the heating of intervening 
bipod or blood vessel wall is minimized. In contrast, if 
^jthe electrical conduction path between the common 
^l^qtrode and one of the individual electrode terminals . 
within the electrode array is atheromatous mass (having a 
relatively higher electrical resistivity) , said current 
control meauns connected to said individual electrode will 
allow ^current flow sufficient for the heating and 
subseguient thermal softening or weaicenxng of the 
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/me application of a liigli frequency voltage 
betwieen tihe cosiMon electirode and the 



catheter to piahetrate and piaisis through the obstruction 
thus recanaliziiig the blood vessel, 
or fully occluded blood vessel has 




a dilatation balloon (or 
10 diagnostic eieiDMnt) within the occluding inaterial, The^ 

dilsitation balloon can then be used for angioplasty 
tri^eitiiieht ih a substantially conventional manner. 

Direct (Jouliah) heating b£ the stenotic 
material by conduction of high frequency current softens 
15 the material over a distribute region, mie volume of 

this distributed region is precisely controlled by the 
geometrical separation between the common electrode (e.igr* 
th^ guidewirc^) and the eledtrode array. The rate of " 
heatixig of the stenotic material is controlledr by tBe 
20 api^ied VoXt^age l^vel. The ufee of high f requehcy curre^ 

f cir iJouliart heatihg also minimizes induced stimulation of 
muscle tissue or heirve tii^sue in the vicinity of the mass 
being heated. Ih addition, high ifrequfencies minimize 

of Interfering with the natural pacing of the heart 



IS usea in 

" The power applied td^ t^ electrode and 

the^lectx^e array will be at high frequency; typically 
between abotit SO kHz and 2 MHz, usually being between 
30 about 100 kHz and 1 Miz, and preferably being between 

about 200 kHz auid 400 kHz. The voltage applied will 
usiially be in the range ftrom about two volts to lOO 
volts, preferably being in the range from about five 
volts to 90 volts, and more preferably being in 
from about seven volts to 70 volts . Usually, the vp. 
applied will be adjustable, frequently in response to a 
temoerature controller which maintains a desired 
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t^empera-tiire at the interface between the electrode array 
and the stenotic material . The desired tenipeiratu] 
the iiiti^rfacei between the electrode aurray and the 
stenotic material will ustially bii in the range 
38*C to lOO^C/ more usually froni about 38*C to 80**C, and 
preferably from about 4()*c to 70»C. 

A particular advantage of th^ present invention 
is that the hctating means can be conf igiired to a 



of the 
cavity being 



both a means 

in 



occluded blood vessel or other Body luaen or 
irecanaliz^d, typieaily in the 
0.04 tb 0.4 iiiciiissi. The 

a ^id^wif which can 
for controlling and'gtiiding 
cbhVentibnal 



present invention 
function as 
the path of the 




into thfe ^ehotic material by seSrving as 



Invention ^&kn 
to generate power 
to 50 watts. 




on 



material being heated, the size bf 



recanaiized, and 
means through the 



the rate of 



blobd 
bf the 
The power 



to select the vbltage level a 



The piower source will be 




in 



erably 
provided by the 
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^ees a subst:ant:lally constant current source so that 
pover dissipation throiJigrh a low resistaiice path, e.g. 
blood, vlll be substantially diminished. 

Asf an alternative to the current limiting 
resistors, a contirolled power supply may be provided 
whiqh interrupts the current flow to an individual 
electrode in the array when the resistance between that 
electxrodet arid t^e common electrode fails below a 
threshold level. The control could be implemented by 
.pljtcing a switcA in series with each electrode, where the 
switch is. turned on and off based on the sexised current 
flow through /th^ eleetrode, i.e. when -the eoxrent flow 
^SKreteds a preselected limit, the switch would be turned 
off. The curreiEit limit CO|ald be ^el^ectable. Irir tts«: 
and preferably youl4.be. preset at the time of manufacture 
of the power spurtse. Current flow .Ppuld be periodically 
sensed and reestablished vhen the stenotic material 
resistance is atgain pire^ent. Particular control system 
. desigiis f or" iji^lfmenting this strategy are well witfiin 

the skill in tiie art. 

In a^,. exemplary ^nbodiment as shqiwn. in 
Figure, 1, a catheter ip includes a gruJ-dwire 16 which 
functions both as a laeans for guiding the catheter into 
tiie intended position, as well as a coDmon electrode, 
^e entire guidewire may be jan electrodej, or it may 
ccmtain an electrode. Referring to Figures 1 and 2, the 
catheter 10 also includes an array of electrode 
terminiails 18 disposed on th^ distal tip 12 of the 
catheter 10. IS^e^ e^lectrode terminals 18 are electrically 
isolated from each other and from the common electrode 
16. Proxlaally from the J^^p 12, the catheteir 10 includes 
a conventional dilatatira^ bal,l,oon 20 

generally concentric with ti^e stk^t. of the catheter 10. 
Still referring to Figures 1 and 2, each ot the terminals 
18 is connected to the iaqpedance matching; network 22 by 
Mans o£ the individually insulated conductox^s 52. The 
proximal portion of the catheter 10 is also equi^^d with 
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the fluid port 



The 
fluid 
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24 communicatiifig witA balloon 20, The 
axially movable in an electarically 
guidewire lumen tube 46, said lumen t\ibe 46 
in, and concentric to^ the catheter 10 
end 42 of the guidewire is sealed against 
by a fluid^eal 28^ The proximal portion 
10 also has a connector 26 fqr pjroviding 
CQimections to the matching network 22. 



A power source 



provides a high frequency 
18 by. means of a 



voltage to the electrode terjninals 
38 connectable to the connector^ 26 ^ Th^e power source 



has a controller 34 to change the applied voltage 
ajB well as a selector 36 for selj^ction of the highest 
jbe]q>erature at the tip 12 of the cath^tetr 10 during 
use, as explained latex. I^nailly, 
of the guidewire e3.ect3rode 42 is connected 
soiree 32 .by a detac!bM^>le^ 

Xn^4;h€^.,jemboduaent^^^ in Figures 1^ 2, 

48 are-.provicled in the distal 
of ^e. c^atheter 10 , typically tli^^^pocou^ ^f^^ ^ 
chrcmel smd alumel)^ Said; temperature sensors 48 

source t3 2 by thermocouple 
the length of the catheter 10 and ^y . the 
38 connected through the connector 26. The 
senscnrs 48 , at t^ei^ ti^ 12 of the catheter 10 are 
to a feedback control system in power spiircc 32 
t^e.power output so that the user selectable tenj 
is not exceeded during lAe of the catheter in 

recanalization of an occluded blood vessel 
coiU^d be controlled by any conye^tiona 
as control of voltage, ciprrent, duty cycle 
rrhe selectsO^le temperature is selected by the user 
adjusting selector 36 provJ^ in the power source 

Referring; to Figure 2, the distal ^ip 12 
catheter 10 of the pre? ffxrpd embpdimeivt p^nt^ins th 
eacposed terminals Of the electxode tysrminals 18 and 
temnerature sensors 48. The terminals 18 and 



and 3, 



by 
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sensors 48 are secured xn 
inaterial ( e. g . epoxy) 54 



and formed in a gene 



•t 



being a 

t.o tJie 



tepered t^ip 12 r 



iCli end vl6w of 
illustrat;ed in Figure 3 . 

'^eruixialis 18 are 



xn a. 
lengtii of 
10 



44 of 

caUieter 10. 
tip 12 is 
2 and 3, 




each other aiid from tiiiiperature sensors 48^ 

in a: buxidle by 




50 and 



44 of 
catheter 10 



portion of the cathiater 10 
insulatiiig guidewire lumen tube 46 which 
f o:r the guiddwire 16 . The distal lend of 
optionally eict^nds beyond the tip 12 ta 
offset 14. The 
to provide, a minimtiim 
electrode oh giiidewiret 16 and ainray 
usually being at l^fet 6.02 



provides -a^> lumen 
said ttibe 46 
a tip 




offset 14 IS 
said common 
of electrodes 18, 
inches , mb^e usually being at 



T^gur^ 4 illustrates how the 



10 can 
with 



1^8, ahd the ibathetibr 10 is 



16 to 



a' 

16 is 



t:lirough 
, exposing a 



length 60 of the 



Referring neact to Figure 5 
of the catheter 10 comprising 
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1:erminals 18 is urged against: t:he atheroma touts plaque 58 
/A high freqiienc^ voltage is applied between the common 



on 
la. 



guidevire 16 
Tha resulting 



and each of the electrode 



between the said common electrode 16 and . the electrode 



termxnals 18 through the atheromatous pla^gue 58 , as 

currcmt f lux lines 62 . Due to the 



plaque 58 in a zone 64 
by varying the level 



localized current flow heats 
The localized heating is 

aiui.^duratiipn of ttie bigbi 

The . tip of fset i4 maintains a j&inimum distance 
between the electrode 18 
(guidewire) 16. The zone 
58 is defined by the 
62. The 

zone 64^ : whiclir 



common electrode 
heating 64 within the plaque 




12 




blood vessel 56> , The catheter 10 

plaque until a 

The 





is advanced through the 
created in the 
withdr9^W|i leaving a 
flow of blood^ 



therethrough • 



After the .caitheter 10 has 



®r if 

with : appropriate fluid 



been advanced through 
balloon 20 can be 




array of electrodes , 18 is contacted 



plaqnie 58 ' , and the tip offset 14 



against the wall 
creates a minimum 
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arrky SO lihat: some heating of plaijue will occur 
ca1:het:er 10 and the comaon electrode 

advanced until a 

of plaque 58* 



channel is created through 



conventional balloon a 



the balloon 20, in 



A central 
ability of the 



aspect of the prescmt iiivention is 
cathetek' 10 to 



not to the blood 



, i*e« 
or the blood 
in 



selective heating of the atheroaatous material which 



if 



When the tip 12 of the catheter 10 is pressed 
a region 

electrode terminals 18 will be in contact with at^^oma, 

electrode temdLiials may be in coxltact >rxth 



bloody and yeib others may be in 



8 




18 experiences 



whitai is 




bldxi or bldod vessel 




resistivity will generate 

X is 



more Joulian 



R) thauii 



a region 



will be selectively heated up while the 
vessel wall will 



rise in 
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Thus f caUietier will 

tbrou^ the atiheroma which has been 



ihVi^nt^ion is accomplished by selecting the electrical 
resistance of l^e various components which comprise the 
pathway of the electrical current 62 between the common 
electrode (guidewire) 16 and each of the electrode 
terminals 18 in the electrode array located at the tip 12 
of the catheter 10> By way of exaa^le, th» 

of blood at body temp^ature is 
148 to 176 Ohm-cm at a frequency up to 120 
(Geddes et ali (1967) H&tl. Biol. Eng. 5:271-293) . The 
electrical resistivity of human cardiac and skeletal 
muscle (which approximates the structure of. the blood 
vessel wall) is in the range of ioa to 456 Ohm-n 
frecjuencies in the range lOO to lOOO IcHz. 
(1967) , supra) . 




m 




The 

substances in human 
1,000 to 3rOOO Ohm-cm 
from lOO to 1, boo kHz (Geddes et 



in electrical 



electrode terminals 18 is connected 



in a blood vessel • 

Each of the 

to an individual source of current by means of wires 52 
A current limiting netWorJc 



as described above, is contained in a 
junction box 22* The network can be composed of either 



intended function. By way of example # and not intending 



« 
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net:worJc composied of passive circuxl:^ eleaenl^s, i.e. 
resistors, is illustrated in Fig. 9. Referring to 

Bigs. X, 2r and 9 V a = constant cnxrrent netwprk 2^2 consists 
of a aniltiplicity of resistors 72 wiiich are same in 
5 number as the electrode terminals 18 - Each resistor is 

connected between a pover source 32 (by the connector 26 
and cabl^ 38) and the corresponding electrode terminal 18 
(by wire. 52> . The current will be siaintained 
substantially constant so long as each resistor impedance 
XO is sufficiently higher than the load i^»c^c|ance. Suitable 

resistor vmlues will be in the range from 500- n to 
5O,00O usually being in the range from 1,000 n to 
25,000 n, preferably being in the range from 3,000 n to 
15,000 Qs,; 

15 " St^ll creferring : to^ Figs, l and 9^ each 

electrode terminal 18 is connected to a load represented 
by the atheroma, blood, or blood vessel wall.v More 
specifically, the load ia^danoe 74 of the atheroma^^^ 
: de^gnmti»i-by A,\/the load ix^MBdance 76 of blood is - 

20 denoted by B, and load impedance 78 of vessel vail is . 

• denoted by W - respect iv^lyv As the current passes through 
these cCTipox»nts, it is received by the corampn electrode 
(guidewire) 16 which is in tasrn connected to ^ t^ 
source 32 by eonneii^r 30 and cabl,e 40. The . level of the 

25 current flowing iJi the circuits i^^^!^ by the 

voltage . applied rbetween the pro3cimal end of the resistor 
networJc 22 and the . common electrode (guidewire > 16. 

The expected pover delivered to each of the 
loads (i.e. atheroma, blood, and vessel wall tissue) can 

30 be calculated based on exemplary values for the different 



• 



(5 French), p 1.66 mm 

Terminals 18, n 60 

electrode 18 tip, d 0.004* dia. 

Resistance of the network resistor 72, R 10,000 ohms 

Imoedance 74 of atheroma^ A 3,000 Ohms 
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10 



20 



30 



Inpedance 



76 of . blood B 
78 of vessel 



wall, W 



Vessel Wall 



200 otms 

V 

500 Otams 
40 Volts ^ RMS 



28 
3 
7 



CalGula1:in9 powca: ( if R) from the above, t±te. 



in blood vessel 



tbat in blood and four times 

Talcing into 




plaiiue will, 
in the blood or blood 



wall* 



The desired 



of i^ie -ordf^ erf vio 





invention will; 
o£ Jslood; temperature in the 

fl^pwing directly 



xn^-.a 
of 1*C 



to 6*C caused by 



Once a suf f icient tea^erature >rise Is 



lished in the 

of the said mass 



is substantially reduced in the 



XO.- This allows the 




external to 



the tip 12 pf the 
catheter 10 to be advanced 
plaque by applying a 
portions^ of 1:he cf^theter 10 
This force 
10 to the 



create a n 
plague 59 • 



As the blood vessel 



wall is not ecpiivalently 
will 
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16 



15 



20 



20 



advance through t:he plaque 58 following a patA of it:s own 



The 



the 



can al^o be accbii«>lished by temperatnire f eedbaclc control 

The temperature of the atheroma in 



with the tip 12 is sensed by 



pairs (Fig* 3 ) 48 
feedback control loop contained in the power 
allows the adjustment of 



source 32 



rise xn 



acco]4>lish€^ • cfonversely , by 



Voltage level is' continuously 



fniil^ 




a full and 




r could be 

indn^ded in 'the catheteir wall. Also, 



the 



sensing may 



opticis with infrared sensing technicfue^^ a 



30 



Alternatively , by proper 
(1) littitiilibity of 
C^nstantah) and (2) guidewire 
ixidividuai electrode 
ibbn^unction with 



and leads (e«g. 
(e.g. steel ) , each 
as a 



th^Aocouple in 




tesioerature which occurs 



on 



tise of ^ th^ appiaratus of 
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A mprc preferred embodxsient: of the catheter of 
this invention is shown in Fig. 10. In this embodiment , 
the catheter 80 is substantially similaur in construction 
to that of Fig. 1,, except that a second electrode 82 is 
provided for on the body 84 of the catheter shaft instead 
of the guideyire being the second electrpde. During use 
of tlie catheter 80 in therapy^ this seconci jalectrode 82 
is intended to be in electrical contact Vith the blood in 
the artery. The . location of the, second electrode 82 is 
shown to be near the proximal end of the catheter 80 ^ ,but 
could .9IS9 be disposed , mor^. distally. 

§till referring to Fig V 10^^ ^6 is 

connected to the ciurrent-iimiting qircuitey. in power 
source 94 in a manner similar to the; electrical 
cmmectipn o£ tip electrodes, ^a. During us^^ of the 
catheter 90 , th^e g^iidewire 86. becomes, .an additional 

rWr^ing in^.ponjimcl^ tfte other tip 

Xn this:, embodim no of f set between the 

» S^^: and the e^ecrtarpd^ ^^^^ ^ required . 
Referring now to Fig. il# tJie catheter 80 is 
advanced pver the guidewire 86 to the site qf a total 
PCPlusion 88 in the Artery 89. ^le^ct^pad array 90 

and. the guidwire 86 are connected tq the pqwer source 94 
(jPig.: 10) >^ Md the. second electprpde 82 is connected to an 
opposite polaarit^ the power soiurce. By 

applying power to :^e electrodias 90 and 82, current flux 
lines 92 are formed and distrib^ted in the occlusion 88. 
The highest curreiht deu^isity. exists at the 

the . tip electrode array 90, thereby producing 
of the atheroma in contact with the 
A return path for the electrical current 





blood 



the tip electrodes • 9 O to 
through the bipod in 
wall, and/ or the 
is most iikely to fXpw 
vessel wali as these 



82 is 



the blood . vessel , the 



through the blood 
have much 
body tissue. 
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82 is designed to be long with a 
ensuire low density 



AS the current passes through , the temperature 

88 is raised r thereby 
The catheter 80 along th^ guidewire 86 
through this softened athei^oma ufitil the vessel 

can then be 



perf bmed by balloon 



can be. denize and s6»evhat 
through even though it is 



plaque iit- the 

to push a 
In order 



through the placpie, another 
system of the piresent invention is^ 
12. The cathetier 10 of Fig. 1 or catheter BO 
is placed in a sheath catheter 96. The 
sheath catheter ^6 includes one 

means .98, 



. 10 




blood 



h^essary lumen (s> for 

The purpose of "Uxe 

provide lui anbhor for the main 



catheter 96 includes the 
ballGfdn(s) 98. 



or 80 while in 



13 r the 
catheter 96 



catheter 10 or 80) 
oecltis^ion 102 (Fig. 11) • The 



balloon (s) 98 are 



n 



in the blood vessel proximate 
catheter 10 or 80 is 
catheter 96 a 
tip 90 is then exus^^^^^^f 
the softeriied atheroma. The 
inflated ballobn(s) 98 thus 



sheath catheter 96 with 



I • - 
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assisting in the advancing of the main catheter 10 or 8 o 
through the occlusion 102. 

Although the foregoing invention has been 
desc3rifa»e4 in detail for purposes of clarity of . 
understanding, it will be obvious that certain 
modifications:^. may. be- practiced the scope of the 



." j- .-Ji 



1 
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10 



20 



1. 



body liaving a proximal end and a 



30 



of 



ilectrically isolated electrode terminals disposed over a 



a common electrode; and 

means for applying a high frequency 



common 



flow to each electrode 
controlled in response 



changes in 
terminal amd the common 



2. 



A catheter 



as xn 
on the 



claim Ir 



3. A catheter systMi as in claim 1, wherein 
the common electrode comprises a wire < 



catheter system as in claim Ir 



4. A 
common electrode 
attachment to a patient "s body 



5. A catheter system as in claim 1, 



of the electrode airray oh the 



6. A 



system as in 

a 



claim 5, wherexn 
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A catihe^er system -as in claim 1, fuirther 



tihe dist:al end of the catiheter body 



8 



A cathet:er system, as in claim 7, wherein 



of temperature sensing elements 



coa^rises a pliirallty 
disposted within the 



10 



A catheter 



the means f Qr applyxng 




If hereby 



on 



temperature sensed by the temperature sensing means 



15 



10. 



a$ ;in. claim 1, further 



comprising means for individually limiting current 



through each 
curre^ V f lo«£« 



electrode terminal in order to control 



20 



30 



as in - claim 10 , 
curirent #low cpii^z^ises a 
located within the 



body, with at least one resistor connected to each 




y€|^ . in claim 10 , wherein 
flow comprises a 
located within the 



«tpplying means, wit^i. at least one resfistpr 



. . 13 > A catheter 
contact -surf ace is a 
end of the catheter body. 



14 . A catheter 




as ill claim 1, %iherein 



ed surf ace at the distal 



as in claim 13, wherein 




wo 93/13816 



PCr/US92/li265 



15. A 



cathet:er body leaving a proxiaial end, a dis1:al 



of the catheter body, said array including a plurality of 



to a higb 
a 



frequency power supply; 
plurality of current limiting resistors r with 



at least one 



in series 
supply. 



16. A ca^eter as in claim 15, wherein the 
durrent lintitiaig resistors are disposed in the catheter 




18. A 




on the catheter body 



19. A 




20. A catheter as in claim 18, further 



end of the cathet:er 



A catheter 
1:ei 



in claim 20, 
comprises a 
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temperature sensing elements distributed within the 



10 



.A catheter as in claim 15, further 
ccwprising a movable guidewire slidable disposed within 
the guidewire lumen jr wherein said guidewire is 



common electrode to a high frequency power supply 



A cathejber as xn claxm 15, furti^er 
comprising a common electrode disposed on the catheter 
body proximally of the electrode array. 

24* A catheter ais. in. claim. 15.,^^^^^ 
current limiting resistors have a resistance in the range 
from 500 n to 50,000 n.. 



25^ A catheter .^asc in claim 15, wherein the 
,20 electrode array is disppsed.; c^er.^ a^ 

distal end of t^ catheter body. 

26. A catheter as in claim 25, whierein the 



27 . A cath9ter< system coo^rising 

a catheter guide liaving, a proximaX end, a 

distal end, a lumen therethrough, and a common electrode 

disposed on an exterior distal surface; 
^0 a catheter body disposed within the lumen of ^ 

the catheter guide, said catheter body having a proximal 

en4, a ^istal end, and an electrode array disposed over a 



including a plurality of electrically isolated electrode 



1 
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means for individually connecting 
to a higti frequency power 
tiigh impedance conductive paths; 



cbinaion 

to a high frequency power supply 

a 

contacted by the electrode array aind 
to the cdntedn 



10 



28. A catheter 
catheter guide 



system as in claim 



27 , wherein 
balloon 



A catheter system 



a guxaewxre 
catheter body, wherein 
to the electrode 



as xn 
in a 



claim 27, further 

lumen in 



the guidbwire is 



20 



30. A catheter system as in 



of 



limiting resistors 
individual electrode 
power supply. 



connected in parallel 
terminals and a 



31 



A catheter syst 



as in --cla im 



30, 
in the 



30 



A catheter isystem ats in claim 28, 



33 - A 



tapered surface is of 




34. A 

in a body lumen. 



method for applying energy to a 
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with a comaion elect:rocie; 
posfltioning the catiieter within the body lumen 
so that an electrode array including a plurality of 
isolated electrode terminals contacts the surface; and 

applying high frequency voltage between the 
coB^pn electrode and the electrode array, wh^ein current 
flow through each electrode termiiial is individually 



whereby the surface i^ heated by the flow 
iMtween ^in^ electrode terminals which 

the surface and the comnon electrode* 



common electrode is 



as in claim 34, wherein 
contacted, as part of a 



36. A 



37^.^ J^,m&i^Mai: as iin^claimv 34, herein the 
commpii electicodie is., contacted^an 



38. 



in claim 34, wherein the 



ion electrode is disposed within the body lumen to 
a conductive path through a fluid within the body 



39. A method as in claim 34, wherein the high 
frequency voltage is in the range from 50 IcHz to 2 MHz 
and the voltage is in the range from two volts to 100 



40 



A method as in claim 34, further 



the electrode array and the surface region 
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4X* 



conttroilincf the applied voltage based on the 



40, 

vo! 



42. 



cladtai 34, wherein the body 




lO 



43, A ntifctlioci as in ciaiw 42, 




44 • A miethG^ 
advancing an 
opening and 



£is ill claim 43* further 



treating the occlusion with the 



20 



45. A a^ethod as 



in clain 44 , wherein 




treatdlng comprises expanding the balloon within the 




1\ 
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